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(71) We, INTERNATIONAL 
RESEARCH & DEVELOP- 
MENT COMPANY LIMITED, 
a British Company, of Fossway, Newcastle- 
5 upon-Tyne 6, do hereby dedare the inven- 
tion, for which we pray that a patent may 
be granted to xis, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — . 

10 The present invention relates to stationary 
windings in alternating-current dynamo-elec- 
tric machines, esped^y air-cored windings 
such as those employed in the stators of 
machines having a superconducting winding 

15 on the rotor (see for example British Patent 
Specification No. 1,315,302), and as air-gap 
windings in iron-cored machines. 

In a conventional machine such as an A.C 
generator die stator winding is composed of 

20 conductor bars disposed in dots in an iron 
core and extending parallel to the axis of the 
machine. The ends of the conductors are 
connected by end windings which link 
together conductors spaced around the rotor 

25 in order to form the turns of the winding. 
The end windings are usually of involute 
form and lie on a f rusto-coni(^ surface. In 
such a machine tlie field is concentrated 
aroimd the conductor bars by the iron core 

30 an the influence d the fidd on the end 
windings, which project beyond the core, is 
further reduced by the frusto-conical forma- 
tion which takes the end windings away from 
the region of high field strength generated 

35 by the rotor winding. 

In a superconducting machine the fidd 
ampere turns obtainable are so great that it 
becomes possible to dispense with the expen- 
sive and cumbersome iron core of the stator 

40 winding whilst maintaining an effective flux 
density equal to or greater than that of a con- 
ventional machine. Whereas the magnetic 
forces in an a.c generator having armature 
conductors retained in slots in an iron core 

45 largdy appear on the iron, however, in an 



air-gap winding or in the stator winding of a 
superconducting machine the forces appear on 
the conductors themselves. 

In accordance with the present invention 
there is provided an Stemating-current 50 
dynamo-dectric machine having a rotor, and 
a stationary alternating-current winding car- . 
ried by a non-magnetic hollow cylindrical 
support structure coaxial with the rotor, the 
winding induding a pair of coaxid cylin- 55 
drical layers of conductors of which each 
conductor is composed of one or more sec- 
tions of hdical formation, each conductor of 
a layer having the same spatial rdationship 
to the other conductors of the winding as 60 
every other conductor of that layer, and all 
the conductors of each layer being at the 
same radius from the axis of the rotor sub- 
stantially throughout the lengths of the con- 
ductors, and end connections between the 65 
ends of the conductors of the first and second 
layers of the pair, the said end connections 
completing turns of the winding each of 
which turns comprises at least one conductor 
of the first layer connected in series with at 70 
least one conduaor of the second layer, and 
each of the said end connections extending 
substantially radially between a conductor end 
of the first layer and an adjacent conductor 
end of the second layer. 75 

In a machine having a winding of this 
configuration the arrangement of the con- 
ductors in cylindrical layers at a constant 
radius facilitates the provision of a strong 
mechanical support throughout the length cS 80 
the winding. The displacement of the ends of 
the conductors allows the end connections to 
be made direcdy and reduces the requirement 
for end windings to connea conductors lying 
at spaced positions around the winding.. 85 

In a preferred construction the conductors 
each comprise a single helical section extend- 
ing between the ends of the winding and 
extending through a hdical passage in the 
support structure. The support structure is 90 
composed of a plurality of rings each of which 
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has for each layer of conductors a circle of 
inclined holes, the rings being assembled so 
that these holes are aligned to form the helical 
passages. All the rings are of ±e same form 
and diey provide a un'form support for the 
conduaors over substantially the whole length 
of the winding. 

In alternative embodiments the path of 
each conduaor from end to end of the wind- 
ing may comprise two helically disposed sec- 
tions of ooposite hand, there being an abrupt 
change of direction of the conductor inter- 
mediate the ends of the winding. The lengths 
of the two ructions of each helical conductor 
are preferably equd, but need not necessarily 
be so. 

Where the winding forms the stator wind- 
ing of a machine having a superconducting 
rotor field winding it preferably extends 

the end connections lie in a region of lower 
field strength than the central parts of the 
conduaors to reduce eddy current losses. 
Such a distribution may also be adopted wiA 
an air-gap armature winding for an iron-cored 
machine. 

As in conventional windings, several turns 
can be conneaed in series to form a coll in 
windings of a machine according to the inven- 
tion, successive turns being made of conduc- 
tors lying adjacent to one another in the 
winding. A second coil whose conductors are 
displaced from those of the first coil around 
the axis of ±e cylindrical Iryers may be elec- 
trically conneaed in series or in parallel with 
the first co3. In a preferred construction the 
first and second co&s are conneaed in series 
and in such a way that the current flows 
through the conduaors of the two layers in 
opoosite orders in the two coils. 

In one embodiment the displacement 
between the ends of each conduaor in each 
layer is aoproximately 180*^, and each turn 
consists of a sinele conduaor of each layer, 
and the first and recond co:ls are displaced 
180° from each other. In this embodiment the 
first and second coils form a coil set for one 
phase and similar coil sets are provided for 
two other phases each coil set being displaced 
120° around the rotor. The conduaors of each 
layer are spaced un'formly around the wind- 
ing. 

To enable the nature of the invention to be 
more readily understood various embodiment*; 
thereof will now be described by way of 
examole with reference to the accompanying 
drawings, in which; — 

Figure 1 is a develooed diagram of a 3- 
phase stator winding of an a.c. generator in 
accordance wi± the present invention, 

Figure 2 is a vertical section of rn alternator 
of a type in which the stator winding may be 
construacd in accordance widi the present 
invention. 

Figure 3 shows an elemental ring of a stator 



winding support structure of a machine in 
accordance with the present invention. 

Figure 4 is a cross-section through the 
ring shown in Figure 3, taken on the line 

X:— X, 70 

Figure 5 is a diagrammatic, partially cut- 
away, perspective view of a portion of a 
stator winding support structure formed of 
rines shown in Figure 3, 

Figure 6 is a similar view to Figure 5 of 75 
an aitemaiive stator winding support struc- 
ture in which the elemental rings are com- 
posed of a plurality of segments, 

Figure 7 is a diagrammatic exploded view 
of a stator winding support structure of a 80 
machine in accordance with the invention 
comprising three concentric hollow cylinders, 

Figure 8 is a diagrammatic perspective view 
of one of the cylinders forming the support 
.structure..^hown in^I^igure 7^, „^ . 85 , 

Figure 9 is an end elevation of ±e cylinder 
shown in Figure 8, 

Figure 10 is a side elevation of the cylinder 
shown in Figures 8 and 9, and 

Referring first to Figure 1, the winding 90 
diagram shown includes the complete coil 
set for one phase extending between the ter- 
minrls A and A', but for the sake of clarity 
shows only the terminals B, B' and C C and 
the ends of the conductors of the other two 95 
phases. 

The coil set between the terminals A and 
A' is made up of coils a, — a/ and as — as. The 
co'l a, — a/ is composed of 10 turns each of 
which consists of a conduaor Xi of one laver 100 
and a conduaor Y, of the oAer layer. The 
coil a/ — a^ is composed of 10 turns each of 
which consists of a conduaor Y2 of the 
recond layer and a conduaor X- of the first 
layer. The two coils are conneaed in series by 105 
an end connection between a/ and z/ such 
that whereas the current in coil a. — a/ flows 
first through a conduaor Xi and then through 
a conduaor Yj, that in the coil a/ — a- flows 
first through a conduaor Y3 and then through 110 
a conduaor Xj. The direaions of current 
flow shown on the conduaors are of course 
those for a particular instant of time since 
they will change as the rotor rotates and the 
rotor field cuts the conductors of the winding. 115 

It will be noted that all the conduaors Xi 
and X:; of the first layer, together with the 
coresponding conduaors for the other two 
phases, have their ends displaced from one 
another around the stator in one sense, while 120 
all the conduaors Y, and Y'> of the second 
layer, with the conduaors of the other phases, 
have their ends displaced in the opposite 
sense. Each of the conduaors of the first 
layer follows a helical path comprising a 125 
single helical secdon of the same positive 
helix angle as the other conduaors of the 
layer and each of the conduaors of the second 
layer follows a helical path of the same nega- 
tive helix angle as the other conductors of the 130 
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second layer. In this particular embodiment 
the helix angle is the same for both layers 
and the conductx)rs in each layer are nni- 
fonnly spaced around the stator. 
5 It wiU also be noted iliat die ends of each 
conductor are drcomferentiafly displaced 
relative to one anodier by 180^ and thus the 
centre of each conductor is circumferentially 
displaced from the ends of the conductor by 

10 90° or n-/2 dectikal radians relative to the 
rotor field. The coals Zt — a/j and a/ — ^a^ are 
displaced relative to each other by 1S<P or 
TT electrical radfens tdative to the xotor field. 
It will fuithfir be noted that ihe inter- 
im connection of the coUs Zi — a/ and Hj' — a^ is 
such that the armature reaction fluxes which 
they generate assist one another. This can 
convenientiy be seen by considering the two 
diamond shanes v^adx the condudDzs form 

20 at diametrically tnjpoate points tm the st?ior. 
Whereas the oinenis circulate xiodcwise 
about one diamond, they circulate anti- 
clockwise around the opposite diamond and 
hence the flux enteiing at one of the 

25 stator leaves at cpposite side. 

The individual conductors are each finely 
subdivided and twisted to minimise eddy 
current losses. The end connections, which 
may be solid, but might also be subdivided, 

^0 are located in a region of lower field strength. 
For this purpose ihe length : diameter ratio 
of the winding is preferably greater tiban 1.5. 

Referring to F^;nre 2, the superconducting 
alternator shown ounnrises a sup er conducting 

35 rotor field winding 10 and a non-supexcon- 
ducting stator winding comprisiisg stator con- 
ductors 11, and iOnstrates die poferted type 
of machine in wliid i the present invention 
is emoloyed. Whilst the stator condnctors 11 

40 are shown for coiivenience as straiebt con- 
ductor bars in F^ore 2, they woold follow 
helical paths in a machine according to the 
invention. 

The field winding 10 is carried by a rotor 

45 consisting of an inner part 12 and «n cuter 
part 13 and is coded by means of liquid 
helium drculating through a refrigacator 14 
bv way of sunoly and return conneaians 15. 
Hie space within the rotor is evacuated by way 

50 of a vacuum connection 16 to nrovide iJiermd 
isolation of the winding 10. The rotor outer 
part 13 serves as a vacuum casing and also 
forms an eddy conent screen between the 
rotor and stator windings. The ahemator 

55 stator consists of a stator outer casing 17 and 
a stator inner structure IS, the latter support- 
ing the stator conductors 11. A coz^jer screen 
19 is supported by the outer casing 17 and 
surrounds the rotor and stator windmgs. The 

60 stator conductors 11 are directly fln'd cooled 
by means of a water manifold 20* Figure 2 
also makes dear the substantial amount by 
which the stator winding overly the rotor 
winding at both ends of the alternator. 

65 Figures 3 and 4 fflustrate an elemental ring 



from a number of which a winding support 
structure is produced to form die stator inner 
struaure 18 of Figure 2. The ring indudes 
two cirdes of inclined holes, holes 21 in the 
outer drde and holes 22 in the inner cirde, 70 
only four holes in each cirde being shown for 
darity. Rings 25 shown in Figures 3 and 4 are 
assembled as shown in Figxire 5 to provide 
helical passages through the structure. For 
clarity, only one such passage 23 is shown 75 
in Figure 5, passing centrally through tiie 
wall of the resultant "hollow cylinder 24 pro- 
duced by the assembly of rings 25, but in an 
asembly of rings as ^own in Figures 3 and 
4, the radially outer holes 21 would form 80 
helices winding in one sense around the stator 
bore, whilst the radially inner holes 22 would 
form helices of opposite hand. Holes 21 are 
thus arranged to recdve conductors of the 
outer layer of the helical winding shown in 85 
Figure 1, whilst holes 22 receive conductors 
of the radially iimer layer. Conductors which 
have been performed to a helical shape can 
be threaded through the hdical passages, and 
short radial end connections are made at the 90 
ends of the passages to complete the turns. 

The material of which ^e support struc- 
ture is composed non-magnetic and preferably 
non-conducting, a suitable example being 
densified hardwood. 95 

In the construction shown in Figure 6, 
each elemental rin^ is composed of segments, 
such as segments 31a— 38a of the end ring a 
shown. With this arrangement, the segments 
are threaded over conductors one at a time 100 
(the conductors passing through holes, not 
shown, in the segments), which may in some 
cases facilitate assembly. 

An alternative winding support structure 
is shown in Figures 7 to lOj in vdiich the 105 
hollow cylindrical structure is composed of 
three cylinders 43, 44 and 45 juxtaposed 
about each other, but shown exploded in 
Figure 7. This form of construction permits 
the conductors to be disposed in grooves on 110 
the outer surface of either or both inner 
cylinders. The path 46 of a helical groove for 
an irmer layer conductor is indicated on 
cylinder 43, whilst the path 47 of a helical 
groove of opposite hand is shown on cylinder 115 
44. One of the grooves 48 in the cylinder 44 
shown in more detail in Figures 8 to 10, by 
way of example. 

in an alternative form of winding in a 
machine according to the invention, each con- 120 
ductor in a layer follows a path from 
end to end of a support cylinder in two sec- 
tions, of which one section follows a helical 
path of one hand whilst the other section 
follows a helical padi of opposite hand. Over 125 
each axial half of the winding, however, the 
conductor sections in the upper layer follow 
helices of opposite hand to the conductor 
sections of tiie lower layer. 

In windings of the form shown in Figure 130 
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1 and in the alternative form just described, 
it should be noted that each conductor or 
conductor section of a layer bears the same 
spatial relationship to the remaining conduc- 

5 tors of the winding as every other conductor 
of that layer. The self-inductance of the coils 
formed, and the mutual inductances between 
coils, is thus made equal, thus enabling sym- 
metrically balanced windings to be produced. 

10 All the conductors of each layer are at the 
same radius from the axis of the rotor sub- 
stantially throughout the lengths of the coa- 
duaors. 

The embodiment described with respect to 
15 Figure 1 is a simole two-pole, three-phase 
winding, but it will be aoparcnt that wind- 
ings having any combination of the number 
of pole pairs, the number of phases and the 
supply frequency, fall within the scope of the 
20 invention. In all such possible arrangements, 
it is simply required that the pitch of the con- 
ductors in the various layers be arranged so 
that the ends of the conductors to be joined 
come to lie as far as possible adjacent one 
25 another. 

WHAT WE CLAIM IS:— 

1. An alternating-current dynamo-electric 
machine having a rotor, and a stationary alter- 
nating current winding carried by a non- 
30 magnetic hollow cylindrical support structure 

coasdal with the rotor, the winding includ- 
ing a pair of coaxial cylindrical layers of con- 
ductors of which each conductor is composed 
of one or more sections of helical formation, 

35 each conductor of a layer having the same 
spatial relationship to the other conductors 
of the winding as every other conductor of 
that layer, and all the conductors of each 
laver being at the same radius from the sxis 

40 of the rotor substantially throughout the 
lengths of the conductors, and end connec- 
tions between the ends of the conductors of 
the first and second layers of the pair, the 
said end connections completing turns of the 

45 winding each of which turns comprises at 
least one conductor of the first la3'er connected 
in series with at least one conductor of the 
second layer^ and each of the said end connec- 
tions extending substantially radially between 

50 a conductor end of the first layer and an 
adjacent conductor end of the second layer. 

2. A machine as claimed in claim 1 in which 
each conductor comprises a single helical 
section extending from end to end of the 

55 winding, the helical seaions of the first layer 
being of opposite sense to tho:e of the second 
layer, 

3. A machine as claimed in claim 1 or 2, 
in the stationary winding is a multi-phase 

60 winding having a set of two series-connected 
coils for each phase. 

4. A machine as claimed in claim 3 in 
which each turn of each coU of a set com- 
prises a conductor of the first layer in series 



with a conductor of the second layer, the 65 
conduaors of the two layers having equal 
helix angles, and the centre of each con- 
ductor being circumferentially displaced from 
the end of the said conductor by Tr/2 elec- 
trical radians with rcspea to the rotor field. 70 

5. A machine as claimed in claim 3 or 4 
in which the two coils of each phase are dis- 
placed relative to each other around the cir- 
cumference of the winding by electrical 
radians relative to the rotor field. 75 

6. A machine as claimed in claim 1 in 
which several turns are conneaed in series to 
form a coil, successive turns being made up 
conductors lying adjacent to one another in 

the winding. 80 

7. A machine as claimed in claim 6 in which 
a second coil whose conductors are displaced 
from those of the first coil around the axis 
of the cylindrical layers is elcctricdly connec- 
ted to the first coil. 85 

8. A machine as claimed in claim 7 in 
which the first and second coils are coimec- 
ted in series but the current flows through the 
conductors of the two layers in the opposite 
order in the two coils, 90 

9. A machine as claimed in claim 8 in 
which the displacement between the ends of 
each conductor in each layer is anproximately 
180^, each turn includes a single conductor 

of each layer, and the first and second coils 95 
are displaced 180° from each other. 

10. A machine as claimed in claim 1 in 
wliich each conductor of each layer com- 
prises a first and a second helical section of 
equal length and opposite sense, the first and 100 
second sections of the conductors of the 
second layer overlying and being of opposite 
sense to the first and second sections, res- 
pectively, of the conductors of the first layer. 

11. A machine as claimed in any of the 105 
preceding claims in which the hollow cylin- 
drical support structure has a wall pro- 
vided with helical passages in which the con- 
ductors are retained. 

12. A machine as claimed in claim 11 110 
which the wall of the support structure is 
composed of a plurality of elemental rings 
each of which has, for each layer of con- 
duaors, a circle of inclined holes, the holes 

in successsive rings being aligned to form the 115 
said helical passages. 

13. A machine as claimed in claim 12 in 
which each of the elemental rings is com- 
posed of a plurality of segments. 

14. A machine as claimed in claim 11 in 120 
which the wall of the support structure is 
composed of at least two coaxial hollow 
cylinders juxtaposed one about the other. 

15. A machine as claimed in claim 11 in 
which the wall of the support structure is 125 
composed of at least two coaxial hollow 
cylinders juxtaposed one about the other, 

the curved surface of at least one cylinder 
having helically-disposd grooves which in 
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conjunction with the adjacent curved surface 
of an adjoining cylinder form the said helical 
passages. 

16. A machine as claimed in any of the 
preceding claims in which the rotor carries a 
supercoxiducting field winding. 

17. A machine as claimed in claim 16 in 
which the axial length of the stationary wind- 
ing is substantially greater than that of the 
rotor winding and the stationary winding 
extends beyond both ends of the rotor wind- 
ing. 

18. A machine as claimed in any of the 
preceding daims in which a stator of magne- 



tic material surrounds the rotor with a cylin- 15 
drical air gap between the rotor and the 
stator, and the stationary winding is dis- 
posed in the air gap. 

19. An alternating-current dynamo-elearic 
machine substantially as described with refer- 20 
ence to Figure 1 or Figures 1 and 2, or 
Figures 1 to 5 of the accompanying draw- 
ings. 

KEDDIE & GROSE, 
Agents for the Applicants, 
6 Bream's Buildings, 
London, EC4A IHN. 
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